BACKGROUND

Recent reform documents such as the Curriculum and Evaluation Standards for School Mathematics (National Council of Teachers of Mathematics, 1989) and the Professional Standards for Teaching Mathematics (National Council of Teachers of Mathematics, 1991) provide a vision of mathematics instruction which differs
significantly from what occurs in most classrooms. A key theoretical underpinning of this vision is constructivism (Cobb et al., 1991; Simon and Schifter, 1991; Confrey, 1985; von Glasersfeld, 1983) . The constructivist perspective holds that understandings are constructed by learners as they attempt to make sense of their experiences, each learner bringing to bear a web of prior understandings, unique with respect to content and organization. This view of learning is in sharp contrast to the notion, implicit in much of current instruction, that learners come to understand by taking in clear explanations.
The Educational Leaders in Mathematics (ELM) Project2 involved experienced teachers of mathematics (K-12) in reexamining their ideas about the teaching and learning of mathematics and provided them with the support to develop a constructivist view of mathematics learning and instructional practices consistent with such a view. Towards this end it offered participating teachers intensive two-week summer institutes and weekly classroom follow-up during one academic year. During the summer institutes, these teachers experienced mathematics classes in which they were encouraged to construct solutions and ideas and to communicate them to the group. They analyzed student understandings as revealed in interviews and they planned lessons which reflected their evolving ideas about mathematics learning and teaching. (See Simon and Schifter, 1991 (Simon, 1989) . We conducted and studied three cycles of instruction and follow-up support with three different groups of teachers.
Our first level of analysis of this project was a study of its impact on the teacher participants. An instrument designed by ELM staff to assess participants' classroom practice after one year's involvement in the program (Schifter and Simon, 1992; Schifter and Fosnot, 1992) determined that 99% of them implemented new instructional strategies and approximately half developed a practice informed by a constructivist epistemology (Simon and Schifter, 1991) . In general, project teachers de-emphasized rote learning of facts and practice of routine algorithms, focusing instead on students generating ideas, solving non-routine problems, and communicating their thoughts.
This paper examines the impact of the project on the pre-college students of these teachers. Project researchers were interested in the effect of the program on:
(1) students' attitudes towards mathematics, (2) students' beliefs about mathematics learning, (3) students' performance on standardized tests, and (4) the nature and quality of the mathematical activity in the classroom. At first glance, performance on standardized tests may seem irrelevant to a reform-oriented program. However, many teachers engaged in innovative inservice programs such as ELM feel, what they perceive to be, contradictory pressures.
On the one hand, they are aware that traditional instructional approaches do not promote the levels of understanding and interest among their students that an alternative practice should inspire. On the other hand, they feel that they are held accountable for students' scores on standardized tests of computational ability and they must prepare their students for those tests. Yet this and other studies (Cobb et al., 1991; Carpenter et al., 1988; Heid, 1988) are beginning to show that as teachers change their focus to student construction of mathematical concepts +mphasizing problem solving communication, and reasoning -not only do assessments of attitudes, beliefs, and conceptual understanding indicate positive change, but standardized test scores do not drop.
METHODOLOGY
In examining the program's impact on students, we employed qualitat~ve and quantitative methods that include both formal and informal approaches; data was collected through surveys, standardized tests. and teachers' reports of student change.
For three cycles of inservice instruction involving three different groups of teachers (1985) (1986) (1987) (1988) , surveys and standardized mathematics tests were given to parallel classes (grades four and above for the surveys) of participating teachers at the end of the academic year prior to entering the program and again at the end of the following academic year. The students surveyed were thus not the same individuals from one year to the next. Rather "parallel" was defined as the same course taught by the same teacher. As a consequence, surveys and tests were included only for classes of teachers who taught the same course (e.g., third grade heterogeneous, sixth grade remedial, honors pre-calculus. etc.) two years in a Between pre-test and post-test, teachers participated in a two-week summer institute and then received weekly follow-up visits (Septemberto May) from ELM staff.
To develop the attitude surveys, we combined items from existing instruments (Aiken, 1974; Schoenfeld, 1985) with some written specifically for the ELM instrument. The surveys had two Likert-style components: (1) a set of items concerning feelings about mathematics and about its importance that were combined to calculate a general attitude score, and (2) a set of items that students had to weigh in response to the following question: "To do well in mathematics, how important are these?" These items provided information on students' conceptions of learning mathematics. (The attitude instrument is included in the Appendix).
ELM teachers administered a variety of standardized mathematics tests to their students because no particular test is mandated by the state. (Each teacher used the same test from one year to the next). The test scores were converted into grade equivalent scores based on the conversion charts for each standardized test. Statistical analysis was then conducted based on the grade equivalent scores.
In April 1988, ELM teachers who had entered the program between 1985 and 1987 were requested to respond in writing to the following question:
What changes have you observed in your students as a result of your involvement in the ELM Project? (Include all types of changes: positive, negative, and neutral). Response items were consolidated and categorized.
RESULTS
Survey items concerning feelings about mathematics and its importance were combined to calculate a general attitude score. Two-tailed t-tests were run to compare pre-and post-program survey responses.
Attitude scores for elementary students (grades four through six) calculated from 171 pre-program surveys and 179 post-program surveys showed a highly significant increase (p < 0.001). Looking at specific items that comprised the general score, the following items changed at a level of p < 0.005:
It is fun to work math problems. I'd rather do math than any other kind of homework. Math is one of my favorite classes in school. It is interesting to do story problems. Math helps me learn to think better. I like to explain how I solved a problem. For secondary students responding to the questionnaire, there were 295 preprogram surveys and 303 post-program surveys. The composite general attitude scores indicated no significant change from one year to the next.
Beliefs about learning mathematics were assessed from survey items which students had to weigh in response to the following question: To do well in mathematics, how important are these? For elementary students, the following items increased in importance at a level of p < For secondary students, the following items increased at the level of p < 0.05:
Being creative Trying new things to see how they work.
The following items decreased at the level of p < 0.05:
Reading the textbook Writing down what the teacher says Thinking logically. Teachers of all grades administered standardized rests which evaluated roiltine and computational knowledge of mathematics. Like most of the standardized tests available, they did not, in our view, adequately measure conceptual understanding and problem-solving abilities. Three-hundred-eight pre-and 388 post-program elementary students and 290 pre-and 303 post-program secondary students took the tests. Two-tailed t-tests were used to compare pre-and post-program scores. No significant differences were found for the total group, or elementary and secondary students analyzed separately.
To consider the nature and qualiv of mathematical activi5 in the classroom, we solicited observations of changes in student behavior from sixty-one ELM teachers. The thirty-five responses included reports of both positive and negative effects, but the former were overwhelmingly in the majority. Following is a list of the effects which were reported by at least five teachers. The number of teachers reporting observations is noted in parentheses. Students:
show greater ability to express mathematical ideas and to defend their point of view (16), express more interest and/or enjoyment in mathematics (13), listen to and respect others' ideas (9), show greater coooperation among themselves (9). willingly use concrete manipulatives to solve problems (8), take riskslshare their strategies with the class (8), understand that there is more than one way to solve most problems (X), depend more on each other and less on the teacher (X), participate more in class (X), probe for understanding (6) , are more confident, competent problem solvers (6) , understand more (6), are more confident in math (9, and experience more frustration (5) .
DISCUSSION
Although teachers' observations of their students need independent corroboration, when taken together with the survey data some tentative conclusions may be drawn. We can categorize student change into three broad areas: cognitive. affective, and social.
Cognitive Change
The cognitive changes described by teachers included greater facility with mathematical ideas, greater ability to communicate about mathematics, and deeper understanding of mathematical concepts. They reported that students were becoming more competent problem solvers who understood that there is more than one way to solve most problems.
These reported changes are consistent with survey responses concerning beliefs about mathematics learning. Both elementary and secondary students' scores increased for items such as, "It is important to be creative," and "It is important to try new things to see how they work." Rote behaviors such as "writing down what the teacher says" became correspondingly less important.
Two results concerning student beliefs seem particularly puzzling: first, although "luck" continued to be considered relatively unimportant (the mean remained low), its perceived importance increased for elementary students. This may be attributable to the change in the nature of mathematical activity in the classroom. If pre-ELM assignments were largely computational exercises, "luck" would have played little or no role; success was dependent on careful repetition of a known algorithm. However, because teachers participating in ELM gave non-routine problems where trying out different strategies was appropriate, some students might have identified hitting on a successful strategy as a matter of luck.
A second curious item was that while elementary students' responses to the item "It is important to think logically" did not change, secondary students' ratings of its importance decreased (although the mean still remained high). Perhaps this was due to the generally held belief that mathematics both requires and helps to develop logical thinking. If, prior to their involvement in ELM, teachers tended to emphasize this, students might have come to identify "logic" with mechanical or routine solutions and it would be expected that the pre-program measure for this item would be as high or higher than the post-program measure.
Afective Change
Teachers reported that their students now expressed more interest in and enjoyment of mathematics, and that they demonstrated more confidence in solving problems and in doing mathematics generally.
The attitude survey scores for elementary students supported these observations. After their teachers had participated in ELM, elementary students more frequently reported that it was fun to work mathematics problems, that they liked to explain how to solve problems, and that mathematics helped them to think better. Among secondary students, responses to the attitude survey did not change. A possible explanation is that older students' attitudes toward mathematics were more firmly set as a result of more schooling. Informal discussion among elementary and secondary teachers indicates that school structure also affects the potential for change. Elementary teachers, who have the same students for the entire school day, report that after attending the summer institute, their teaching of subjects other than mathematics changed as well. Thus. throughout the day. they were able to communicate beliefs about learning and to convey expectations of student involvement consistent with their expectations for their mathematics classes. To secondary students, their role in mathematics classes taught by ELM participants tended to be different from their role in other classes.
Social Change
Among teacher-reported changes, it is interesting to note how many of' their observations concerned changes in social behavior. Teachers wrote that students showed greater cooperation among themselves, listened to and respected each other's ideas, and depended more on one another and less on the teacher. Students were more willing to take risks and to share their ideas and strategies with their peers, and in general more willingly participated in classroom activities.
These developments reflect changes in the social organization of the classroom: students often worked in pairs or small groups in which they were responsible for their own and each other's understanding. By listening to and valuing students' mathematical ideas, teachers worked to shift the locus of authority from the allknowing instructor (or textbook) to students' reasoning processes. This shift can be seen as a shift from knowledge as imported from outside to knowledge as socially constructed within the classroom community.
While ELM predated the publication of NCTM Standards (1989) , changes documented by the ELM attitude surveys and those observed by ELM teachers are consistent with the Standards' "Goals for Students":
(1) becoming a mathematical problem solver, (2) learning to communicate mathematically, (3) learning to reason mathematically, (4) learning to value mathematics, and (5) becoming confident in one's ability to do mathematics.
Teachers participating in ELM tended to give more attention to problem solving and conceptual development, de-emphasizing computation and memorization. As a result, student beliefs about mathematics learning came to include an appreciation for the values of creativity and experimentation. While the ELM inservice program had a significant positive effect on the attitudes of elementary students towards mathematics, the results suggest that it would be worthwhile to look at the impact on secondary students over a longer period of time (i.e. two years or more). Longer studies might inform us about the appropriate time scale for interventions of this nature. Often our research lenses are focused on such short intervals that we may miss important changes.
Even though the focus of instruction had changed, standardized test scores did not decrease. This result should help allay concerns that greater attention to understanding and problem solving, particularly considering the additional time allotted to conceptual exploration, will lead to a decline in computational skill. The related concern that instructional changes of this magnitude will result in lower test scores for the first year or two, as teachers learn the ropes, has also been expressed. However, these test results indicate that even during the initial stages of the change process, the first year, computational skill is not necessarily sacrificed. For teachers and school administrators who wish to engage in teacher development efforts along the lines of the NCTM Standards, this should come as encouraging news.
The results of our standardized tests, however, could not tell us whether students were constructing stronger conceptual understandings. That the future of educational reform is tied to the development of ways of measuring such complex processes is increasingly recognized.
In addition, many -perhaps crucial -questions arose for us which can only be addressed through longitudinal studies. Do teachers and students lose their enthusiasm as more time passes? What happens to students who have project teachers several years in a row? Do secondary students' attitudes begin to change after two or three years of constructivist-oriented mathematics instruction? What are the differences between elementary and secondary schools that are reflected in different responses to the project?
Finally, future research must more closely examine change in teachers' conceptions of mathematics, and of learning and teaching, and relate such change to cognitive and sociological studies of students and teachers in classrooms. 
